Background: This study was aimed to determine the propriety of perioperative antimicrobial prophylaxis, to evaluate the effects of a training intervention on correction. Methods: This prospective educational intervention study was performed on clean, clean-contaminated, and contaminated wounds in elective procedures. The accuracy of the antimicrobial prophylaxis was analyzed according to international guidelines. The outcome measures were appropriateness of prophylactic antibiotic indication, choice, dose and duration; and cost of inappropriate administration. Results: Before the intervention, 312 procedures were recorded compared with 322 after the intervention. Total compliance rate decreased from 34.3% to 28.5% after the intervention, though insignificantly (p ¼ 0.59). Educational training intervention did not change the rate of inappropriate antibiotic choice statistically, and prolonged antibiotic use was significantly higher after the intervention (p ¼ 0.01). The positive impact of the intervention was observed in decreased ''not indicated but administered'' rate (p ¼ 0.009) and absence of procedures with ''indicated but not administered'' and ''inappropriate antibiotic dose'' which also decreased significantly (both p < 0.001). The total cost of irrational antibiotic use was US$26,230.20. Conclusions: Although this educational intervention study achieved improvements in indications, choice, and dosing of surgical antimicrobial prophylaxis, it failed to improve prolonged use and total compliance rate, and to lower the costs sufficiently. It will probably provide better results by means of compulsory measures for surgeons to comply with available protocols and guidelines, as well as education programs, in order to change the antibiotic utility habits on surgical prophylaxis and to achieve accurate prophylactic administrations.
Introduction
Surgical site infections (SSIs) still remain an important problem, despite recent medical and surgical developments. Many placebocontrolled trials have demonstrated that antimicrobial prophylaxis complements meticulous surgical technique in reducing the incidence of wound infection. 1, 2 Although surgical prophylaxis principles were determined by means of various guidelines, SSIs have still been the second most common cause of nosocomial infections. [3] [4] [5] [6] [7] [8] Surgical prophylaxis is a short-term antibiotic usage directed to possible agents before, during or immediately after contact. 7 For optimal prophylaxis, an antibiotic with a targeted spectrum should be administered at sufficiently high concentrations in serum, tissue, and surgical wound during the whole time that the incision is open and at risk of bacterial contamination. 9 A major effect of antibiotic prophylaxis is reduction in the incidence of surgical infections, the number of hospital days, the use of antibiotics for therapeutic purposes, and the sepsis-related mortality rate. [5] [6] [7] [8] 10 Inappropriate use of surgical antimicrobial prophylaxis, in terms of prolonged duration and use of broad-spectrum antibiotics, can select for resistant microorganisms and leads to high costs, while incorrect timing reduces its efficacy. 11, 12 Many surveillance and intervention studies have been performed on the quality of prophylaxis. National guidelines have been developed to support its correct use. In Turkey, the lack of a national guideline led us to carry out a study to detect the routine surgical practice in our institution about the concordance with the international guidelines, and to arrange and evaluate an educational intervention to adjust inappropriate use.
The aim of this study was to determine the appropriateness of perioperative antimicrobial prophylaxis and common causes of inappropriate use according to the international guidelines. To improve the quality of surgical prophylaxis, a training intervention was carried out and consequences were compared to pre-intervention practice.
Materials and methods

Setting
This prospective intervention study, with a before and after design, was performed in a university hospital on all elective procedures. About 2000 surgical procedures are performed in the operating rooms of the hospital each year. These procedures are distributed among the following disciplines: orthopedic surgery, vascular surgery, skin and deep tissue surgery, and endocrine and abdominal surgery including intestinal, gynecologic, and urologic procedures. The main objective was to improve the quality of prophylaxis. The pre-intervention and post-intervention periods were selected through three consecutive months in the winter season of two sequential years when the operating rooms were intensively used.
Data collection
All consecutive procedures with clean, clean-contaminated, and contaminated wounds were recorded. Patients with known allergies to any kind of antibiotics were excluded, since infectious disease specialists consulted these patients before surgical procedures. Data were extracted from medical, anesthetic and nursing records, and medication charts. The following characteristics of patients and procedures were collected: age, gender, wound contamination class, duration of the operation, any kind of implant use, hypotension and/or hypovolemia during the procedure. For patients receiving antibiotics, the choice of the antibiotic, unit doses, number of post-operative doses, time of administration of the first dose and subsequent doses, and time of anesthesia induction and first incision were recorded. The duration of prophylaxis was derived from the number of postoperative doses and the timing of subsequent doses.
Data assessment
Antimicrobial prophylaxis administration was compared with guidelines, and all inappropriate and excessive antibiotic doses were determined for the inappropriately administrated quantity. The price of all inappropriately administered antimicrobial agents during the period used was calculated separately as the cost of inappropriate usage in US dollars and then summed up to calculate the total cost of inappropriate administration. All the antibiotics used in the hospital, and thus throughout the study, were obtained from the hospital pharmacy. There are only single choices for every generic agent. Cost analyses were performed considering these agents.
The data were compared with international guidelines, and the accuracy of the antimicrobial prophylaxis management was analyzed according to these guidelines. [3] [4] [5] 7 Courses of antimicrobial drugs were considered for antibiotic choice, dosage, duration, and timing of prophylaxis. If no antibiotic prescriptions were recorded, it was assumed that antibiotics had not been administered. Criteria for the evaluation of prophylaxis according to guidelines are presented in Table 1 . Total compliance was referred to as the sum of ''indicated and administered with appropriate choice, dose, and duration'' and ''not indicated and not administered'' procedures.
Repeated doses were recommended when blood loss during the procedure exceeded 2 L or hypotension was reported, or when surgery was prolonged beyond three times the half-life of the administered antibiotic. 13 
Intervention
The data on inappropriate antimicrobial prophylaxis obtained from the first period of the study were analyzed and transferred to the surgeons and surgery residents in general and branch meetings which involved an education program on antimicrobial prophylaxis. Specific problems in each surgical branch were discussed separately with the surgeons, anesthetists, and nurses, together with the local antibiotic policy committee. In addition, educational meetings were organized for all surgeons, residents, and nurses. The first step was a general meeting with all the surgeons and anesthetists working in the hospital both as residents and consultants who are junior and senior professionals. First of all, pre-intervention results were presented. The principles of surgical antibiotics prophylaxis and precautions taken during the preparation of the patient before and during surgery to decrease the possibility of surgical infections were reviewed. The stage of inappropriate use of antibiotics such as choice, dosage, duration, and indication of administration, and how good clinical practice should be performed were all explained in this meeting. The appropriate antibiotic choices, doses, and duration were reviewed and related documents were given to the attending surgeons. The specific misuses were also discussed and presented separately to related junior surgeons of different disciplines. Surgeons who could not attend the meeting were involved in extra catch-up work throughout the intervention period. The educational meeting was reinforced by documents involving the guidelines for antimicrobial prophylaxis and posters throughout the hospital. The education program lasted for more than 1 month.
The post-intervention data collection started 1 month after all the intervention activities had ended. The prophylaxis was assessed identically with the pre-intervention period. Finally, data on both periods were compared statistically and the efficacy of training intervention on the use of surgical antimicrobial prophylaxis was investigated.
Statistical analysis
Statistical analysis was performed using Epinfo version 3.5.1. Student's t-test was used to compare continuous variables. Table 1 Criteria to evaluate the appropriateness of prophylaxis. *Inappropriate use; **appropriate use.
Not indicated but administered
Prophylaxis was administered although not indicated* Indicated but not administered Chi-square statistics were used for categorical variables or the Fisher exact test was used when this was inappropriate. Differences between groups were considered to be significant for variables yielding a p-value <0.05. Power calculation of the study was performed using the G-Power 3.0 program.
Results
All prophylactic administrations before the surgical incision were performed following anesthesia induction. The choice of prophylactic antibiotics were decided by the surgeons and applied by the anesthetists at induction.
The pre-intervention period was selected as the interval between November 2006 and January 2007, while the post-intervention period began 1 month after the intervention period ended, corresponding to the interval between September 2007 and November 2007. Before the intervention, 312 procedures were recorded compared with 322 after the intervention. Of 634 patients included in the study, 344 (54.3%) were female, 290 (45.7%) were male and the mean age (AESD) was 47.84 AE 17.47 (ranged between 0 and 93 years). The comparison of descriptive data in patients included in the study is shown in Table 2 . Among patients, 592 (93.4%) received antimicrobial prophylaxis and 42 (6.6%) did not. When they were assessed by the guidelines for surgical prophylaxis, only 348 (54.9%) needed prophylactic support. This ratio was 46% in the pre-intervention period and 64% in the post-intervention period.
When the power of every single parameter was calculated; ''not indicated but administered'' reflected 0.96 beta error, while the remaining parameters had a power of 1.0. These results showed that the study had a strong power to detect a difference by the intervention.
The comparison of prophylaxis administrations in pre-and post-intervention periods is shown in Table 3 . ''Not indicated but administered'' prophylaxis administration rate was significantly lower in the post-intervention period (35%) than in the pre-intervention period (43%) (p < 0.001). Besides, ''indicated and administered'' prophylaxis administration rate was significantly increased in the post-intervention period (64%) than in the pre-intervention period (44%) (p < 0.001). However, as seen in Table 3 , total compliance rate decreased from a 34.3% pre-intervention value to a 28.5% post-intervention value, although there was no statistical significance (p ¼ 0.59). In detailed analysis, inappropriate antibiotic choice did not change by the educational intervention statistically; however, there were no procedures with inappropriate antibiotic dosing following the educational training. The misuse rate in terms of duration was higher after educational intervention (after, 52%; before, 34%), which was statistically significant (p < 0.01).
The most frequently used prophylaxis aimed antibiotic in both periods was cefazolin sodium. The distribution of antibiotics used is shown in Table 4 . Before the intervention, the mean cost of the prophylactic antimicrobial use was US$45.62 per procedure (total cost US$14,233.40). However, the mean cost decreased to US$44.46 per procedure (total cost US$14,316.80) after the intervention. When the prophylactic administrations were compared with international guidelines, the mean cost per procedure should be US$3.31 before and US$4.00 after the intervention. The total cost of surgical antibiotic prophylaxis in the present study was calculated as US$28,550.20. In the event that the guidelines had been carried out, the total cost would have been US$2320.00. The irrational antibiotic use throughout the study cost US$26,230.20 in total.
Discussion
Currently, there is no national consensus on surgical antimicrobial prophylaxis accepted by the Ministry of Health or other health authorities in Turkey. Cost effectiveness has been recognized to be of vital importance for Turkey where there are limited Table 2 Characteristics of the surgical procedures in pre-and post-intervention period.
Pre-intervention period (AESD)
Post-intervention period (AESD) Table 3 Comparison of prophylactic antibiotics administration before and after the intervention. *N ¼ 138, **N ¼ 205. sources. Also, the national insurance of health has covered about 90% of the population throughout the country. Antibiotic treatment for infectious diseases is partially controlled by infectious diseases specialists in order to lower the health expenditure, not to improve the clinical practice. Among the antimicrobial agents, those commonly used in surgical practice have been beyond control (e.g. cefazolin sodium). Thus, surgeons prescribe antimicrobial prophylactic agents without any restrictions. The results of previous studies from Turkey revealed that it is common among surgeons not to carry out these guidelines, and they concluded that inappropriate post-operative antimicrobial prophylaxis could be improved by educational intervention. 14, 15 In current practice, the necessity and benefit of antimicrobial prophylaxis initiated before and prolonged for a certain period of time after surgery are generally accepted. Several studies have indicated that guidelines can improve the quality of antibiotic use. 16 The indications of prophylaxis administration are stated to a large extent by several guidelines. Local consensus is one of the most important factors for implementing guidelines to reduce irrational antibiotic use. 17 According to the prevalent opinion, the surgeon is considered to be authorized and responsible for antibiotic prophylaxis. Therefore, administration of surgical prophylaxis is perceived as a part of the surgical procedure. However, quality measurement of surgical prophylaxis and its improvement is a contemporary subject throughout the world. These questions should be answered to measure the quality of prophylaxis administration: (1) Is the indication of prophylaxis administration appropriate? (2) Is the choice of antibiotics appropriate? (3) Is the first dose administered at the appropriate time? (4) Is the duration of administration appropriate? (5) Is the administered dose appropriate? [18] [19] [20] [21] The benefits of educational interventions for surgical prophylaxis have been demonstrated in various studies. Van Kasteren et al. 22 showed that the rate of appropriate prophylactic antibiotic administration was 0.4% before education, after which it increased up to only 25%, although an improvement to a considerable extent was achieved. In a study by Mannien et al., 23 the optimized antibiotic policies led to a decrease of 35% in the use of prophylactic antibiotics (calculated as the number of defined daily doses per procedure) and a decrease of 25% in the costs per procedure, mainly as a result of a shorter period of administration of prophylaxis. Prado et al. 24 provided a remarkable improvement in surgical prophylaxis rates by means of a prophylaxis form available in the hospital as well as an educational intervention. In their study, they raised the rate of appropriate prophylaxis from 56.4% to 100%. However, different to other studies, a ready-made form was presented to surgeons, through which they were requested to select the prophylactic agent. When Lallemand et al. 25 compared surgical prophylaxis with the guidelines they found a total compliance rate of 41%. Likewise, Ozkurt et al. 26 reported a rate of only 17.2% in their study. In our study, 34.3% of appropriate prophylaxis rate in the pre-intervention period decreased to 28.5% in the post-intervention period, without any significant difference (p ¼ 0.59). Although the results seem to reflect an overall impairment by the intervention, this is not completely true. When the two periods were compared in detail, there was a significant improvement in the rates of ''not indicated, not administered'' and ''indicated and administered'' (Table 3) . Also, there are no procedures in the categories ''indicated but not administered'' and ''inappropriate dose administration''. However, the most common administration mistake was ''prolonged use'' of the antibiotics and this rate (51.7%) was significantly higher than in the pre-intervention period (33.6%) (p ¼ 0.01). We have attributed this issue to the increased awareness of surgeons on prophylaxis following the educational interventions. It was found out that surgeons elected to choose correct cases, correct agents, and correct doses for antibiotic prophylaxis, but failed to stop the administration at the correct time. In administrations with correct indications, although there was a decrease in inappropriate choice and dose, there was an increase in prolonged use of antibiotics beyond prophylactic limits. Though reluctant to comply with the guidelines, surgeons felt comfortable using antibiotics for longer periods. Cleancontaminated operations comprised a higher percentage (37.6% vs. 5.1%) and clean operations accounted for a lower percentage (60.6% vs. 93.3%) in the post-intervention period. Those differences might have influenced the duration of antibiotics use. In the study of Ozkurt et al., 26 as in our study, the most frequent mistake (82.8%) was more prolonged use of prophylactic antibiotics than needed. Another study from Turkey showed that in 80.4% of surgical procedures, prophylactic antibiotics were used for more than 5 days. 14 Studies showed that prolonged use of antibiotic prophylaxis leads to emergence of bacterial resistance and high costs. 1, 12, 27, 28 This is also a notable problem in our institute and in our opinion, it might be corrected by education programs. ''Not indicated but administered'' procedures, where prophylactic agents were administered though unnecessary, were the most frequent in the pre-intervention period (43%) and the second frequent in the post-intervention period (35%). Although a significant decrease in this type of mistake was observed in the post-intervention period, it was not sufficient and surgeons were still liable to fall back upon the false reliability of antibiotic use. In similar studies, these rates are as low as 13.2% and 14.5%. 25, 26 Surgeons in our hospital should be reassured that unnecessary and prolonged antibiotic administration will not provide patient safety for infections, and will lead to resistant infections and increased costs.
Pre-intervention period
In practice, junior surgeons mostly prescribe antibiotics after consulting their seniors. However, this is carried out according to the mentor system; the juniors may make their own decisions in routine practice. This study revealed that inappropriate routine practice and educational intervention did not target seniors or juniors specifically. This may result in the partial failure of the intervention. Junior education may be the primary goal of future interventions. We think that junior surgeons should be targeted to improve the practice, since they are mostly involved in routine. In the approximate 1-year period of the study, part of the team of junior surgeons, but not seniors, has changed (began working/left), which may result in a small group of uneducated surgeons for this practice. Also, the significant increase in malpractice suits in recent years throughout the country may affect the surgeons' behavior regarding treatment of an infection in clean-contaminated and contaminated cases. Surgeons should be reassured that it should be sufficient to use prophylactic antibiotics within a limited time period to avoid an emerging infection. The problem encountered here is not only to attenuate the infection rates, but also to prevent possible complications consequent to irrational use of antibiotics by appropriate administration for indication, choice, dose, timing, and duration.
The most frequently used antibiotic for prophylactic aims in our hospital was cefazolin sodium (Table 3 ). This was followed by ampicillin/sulbactam. This is very promising, since cefazolin sodium is recommended in surgical prophylaxis guidelines except for rare conditions. 3, 4, 7 Nevertheless, our study demonstrated a sum of US$28,550.20 prophylaxis cost through both pre-intervention and post-intervention periods. In fact, this cost should have been US$2,320.00. This is a gap in cost management of the hospital. Education could only attenuate the cost per procedure by US$1.16 (2.54%). Until February 2004, there was no antibiotic restriction policy in Turkey and every physician could prescribe any antibiotics; misuse or overuse of antibiotics was common. Following the implementation of the restriction policy in 2004, prescription of broad-spectrum antimicrobial agents (such as carbapenems, glycopeptides, quinolones and some beta-lactam-beta-lactamase inhibitor combinations like piperacillin-tazobactam) was taken under the control of infectious diseases specialists. The use of most broad-spectrum agents and glycopeptides for prophylactic aims are controlled by infectious diseases specialists. There is no restriction for prescribing cefazolin sodium or ampicillin/sulbactam by other specialists. However, as seen in the present study, this may lead to prolonged use of antibiotics for prophylaxis though unnecessary, and increase prophylaxis cost by approximately 10-fold per surgeon. In the study by Prado et al., 24 the surgeons were directed to administer surgical prophylaxis according to their standard form, and provided a 40.5% decrease in perioperative antibiotic prophylaxis cost from US$7.40 to US$4.40 after the study protocol had been applied.
The limitations of this study on educational aspects are potential impact of secular trends towards returning to previous mistakes; detecting the early results of the intervention; probable difficulties in sustaining the educational intervention; staff turnover and new junior surgeons or residents joining the practice; and lack of institutional or national guidelines and control policy for surgical antimicrobial prophylaxis. The most important limitation of our study was that only the cost of used antibiotics was considered in inappropriate prophylaxis cost analysis. As known, inappropriate antibiotic use not only increases the cost of medication use, but also causes more resistant bacterial infections by virtue of the changes it produces in the flora of the patient and/or hospital. Besides, patients may be exposed to more toxicity and more side effects of antibiotics, resulting in prolonged length of hospital stay and health costs. Due to the limitations of our study, these data could not be gathered and presented herein.
Conclusion
Although this educational intervention study achieved improvements in some parts of surgical antimicrobial prophylaxis (appropriate indications, correct choice of antibiotics, correct dosing), it failed to achieve a better total compliance rate and to lower the costs sufficiently. It will probably provide a better approach to establish some obligations on surgeons to carry out available protocols and guidelines about the practice of surgical antimicrobial prophylaxis, as well as education programs, in order to change the antibiotic usage habits of surgeons for prophylaxis and to achieve correct prophylactic administrations. Institutional protocols concordant with the guidelines should be established in a process involving the vast majority of clinicians in order for them to adopt rational antibiotic use and abandon their previous attitudes. The antibiotic choices should be stated by the surgeons on the evidence and certain indications, and prolonged antibiotic prescriptions for prophylaxis should be limited and referred to infectious diseases specialists. Also, all the staff should be informed about institutional consensus and multidisciplinary protocols and should follow them. Although a single education process was somewhat helpful, it did not sufficiently achieve the expected changes in practice. Sustained education will be necessary to inform junior doctors who are newly introduced into the practice and to remind all clinicians about the appropriate administration protocols.
